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^ (57) Abstract: Microbe-resistant medical devices and methods of making these medical devices are provided. A base coat is applied 
2 to at least a portion of a surface of the device. That base coat includes one or more types of antimicrobial particles that are held in 

the base coat. A polymeric over coat is applied over at least a portion of the base coat. The over coat may be an organic soluble 
Q polymer, a water soluble polymer, a hydrogel or any other polymer capable of being coated onto a medical device. The polymer of 
^ the over coat is dissolvable in a solvent that does not dissolve the polymeric base coat during application of the over coat. The over 

coat remains free of the antimicrobial particles by not dissolving the base coat during the over coating process. 
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MICROBE-RESISTANT MEDICAL DEVICE, MICROBE-RESISTANT 
POLYMERIC COATING AND METHODS FOR PRODUCING SAME 

FIELD OF THE INVENTION 
The present invention relates to coated microbe resistant medical devices that 
are for internal or extemal use with humans or animals, and methods of making these medical 

devices. 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application is related to and claims the benefit of the filing date of U.S. 
provisional application No. 60/336,755 filed Dec, 3, 2001, which is incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 
Medical devices used for patient treatment can be a source of microbial 

(bacterial or fungal) infection in such patients. For example, insertion or implantation of a 

catheter into a patient can introduce microbes and/or, when left in place for prolonged periods 

of time, permit the introduction of microbes during long-term exposure of the catheter exit 

site to the environment. In addition, long-term catheter use often produces a biofihn on the 

catheter surface, which facilitates the development of infection that can cause patient 

discomfort and compromise patient health. 

Microbial infection may be prevented by bonding an antimicrobial agent to a 

medical device. For example, U.S. Patent No. 5,476,509 describes a catheter having a 

polymeric coating that has an antibiotic agent covalently or ionically bound thereto. 

Similarly, U.S. Patent No. 5,798,1 15 describes a catheter having a polymer coating that has 

an antibiotic covalently bound to the polymer backbone. Bacteria kept in contact with these 

catheters for prolonged periods of time may be killed. However, these catheters are not 

effective at killing bacteria introduced into the body during insertion of the catheter. Because 

the antibiotic is attached to the catheter, the bacteria are able to migrate away from the 
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catheter to avoid the antibiotic effect. 

An antimicrobial catheter that is coated witfi a matrix-forming polymer in 
which an antibiotic agent is incorporated in the polymer coating is described in U.S. Patent 
No. 5,019,096. Because the antibiotic is not covalently bound to the polymer, it is able to 
diffuse away jfrom the catheter to attack organisms in the surrounding area. 

However, the incorporation of antinndcrobial agents into medical device 
coatings via insoluble particles (i.e., particles that are not soluble in the solvents used to coat 
the medical device) has produced unsatisfactory results, especially when dip or spray coating 
techniques are used to coat medical devices. For example, the insoluble antimicrobial 
particles tend to settle out ftom the solution used during coating. When particles settle from 
the solution, the concentration of the antimicrobial particles in the resulting coating is 
reduced over time during manufacturing, thereby reducing the manufacturer's ability to 
control the antimicrobial agent concentration on the device. 

In addition, the antimicrobial particles can agglomerate in the coating solution 
into larger particles (from sizes of less than 4 microns to sizes from 10 to 100 microns or 
more). This can produce particles that are large enough to be felt on the surface of a coated 
device, and, if large enough, these agglomerated particles can produce patient discomfort. 
For example, particles larger than about 50 microns can usually be felt by a patient upon 
insertion of a Foley catheter into the urethra. 

Particles smaller than 50 microns can also create problems. Although smaller 
particles in the range of 10 to 50 microns are not readily felt by patients, microscopic 
examination reveals that these particles produce coating surfaces that are bumpy or micro- 
rough. A micro-rough surface has a higher surface area than a smooth coated surface and this 
tends to increase the attachment of bacteria and other microorganisms. The increased surface 
area for microbial attachment and increased tissue irritation due to a rough catheter surface 
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significantly reduces the ability of the antimicrobial coating to fight infection. Thus, there is 
a need for negating the potentially adverse effects that insoluble antimicrobial particle 
agglomeration can have on the performance of a coated medical device. 

The problems associated with insoluble antimicrobial particles are especially 
relevant to antimicrobial coatings applied to catheters and, in particular, to Foley catheters. 

SUMMARY OF THE INVENTION 
To counteract the problems associated v^ith incorporation of one or more types 

of antimicrobial particles into medical device coatings, this invention provides microbe- 
resistant medical devices and methods of making these medical devices. 

In a first aspect, the present invention provides a microbe-resistant medical 
device. A base coat is applied to at least a portion of a surface of the device. The base coat- 
can be any polymeric material that is capable of being coated onto a medical device. 

That base coat includes one or more types of antimicrobial particles that are 
held in the base coat. The particles may be insoluble antimicrobial particles that are capable 
of releasing an agent capable of inducing microbial stasis or exhibiting microbicidal effect 
when the coating comes in contact with aqueous fluid. "Insoluble" refers to the inability of 
these antimicrobial particles to be dissolved in the solvent systems used with tiie invention, 

A polymeric over coat is applied over at least a portion of the base coat. The 
over coat may be an organic soluble polymer, a water soluble polymer, a hydrogel or any 
other polymer capable of being coated onto a medical device. The polymer of the over coat 
is dissolvable in a solvent that does not dissolve the polymeric base coat during the over 
coating process. Consequently, the over coat remains substantially free of the antimicrobial 
particles. This provides increased patient comfort by avoiding the problems discussed above 
associated with agglomeration of the antimicrobial particles and with bumpy or micro-rough 
coating surfaces. 
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In a second aspect, the present invention provides a microbe-resistant 
polymeric coating. This coating has a polymeric base coat with one or more types of 
antimicrobial particles. A polymeric over coat is applied over at least a portion of the base 
coat and remains substantially free of the antimicrobial particles by not dissolving the base 
coat during the over coating process. 

In a third aspect, the present invention provides a method of preparing a 
microbe-resistant medical device. According to this method, a medical device is provided. A 
first polymer is dissolved in a first polymer solution. One or more types of antimicrobial 
particles are dispersed in the first polymer solution to form a first coating solution. The first 
coating solution is applied to at least a portion of the medical device to form a base coat. 
This application may be by either spray or dip coating. Then, a second polymer is dissolved 
in a second solvent system to form a second coating solution. This second solvent system 
does not dissolve the base coat within the normal exposure time during application of the 
over coat to the medical device. The second coating is applied to cover at least a portion of 
the base coat to form an over coat that remains substantially free of the antimicrobial 
particles. Again, this application may be by either spray or dip coating. 

In a fourth aspect, the present invention provides a method of over coating a 
microbe-resistant medical device. According to this method, a microbe resistant medical 
device (i.e., a device at least partially surrounded by a polymeric base coat having one or 
more types of antimicrobial particles disposed in the base coat) is provided. Then, an over 
coat polymer is dissolved in a solvent system that does not dissolve the base coat during 
application of the over coat to the medical device. The over coat polymer is applied to cover 
at least a portion of the microbe-resistant medical device. The over coat is substantially free 
of the antimicrobial particles. The base coat is not dissolved during application of the over 
coat. 
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Medical devices formed as described above exhibit reduced micro-roughness 
because the antimicrobial particles are not exposed where the over coat covers them. In 
addition, the over coat can provide lubricity and patient comfort, as well as control of the 
release of the antimicrobial agents. 

DETAILED DESCRIPTION OF THE INVENTION 
The microbe-resistant medical devices of the present invention include a base 

coat having one or more types of antimicrobial particles and an over coat provided over at 

least a portion of the base coat. 

Medical devices are any article that contacts patients or are used in health care, 
and may be for use either internally or externally. The medical devices can be made from a 
variety of natural or synthetic materials, such as, for example, latex, polystyrene, polyester, 
polyvinylchloride, polyurethane, ABS polymers, polyamide, polyimide, polycarbonate, 
polyacrylates, polyethylene, polypropylene, synthetic rubber, stainless steel, ceramics such as 
aluminum oxide and glass, and silicone. 

Illustrative, non-limiting, examples include cannulae, catheters, condoms, 
contact lenses, endotracheal and gastroenteric feeding tubes as well as oflier tubes, grafts, 
guide wires, implant devices, lUDs, medical gloves, oxygenator and kidney membranes, 
pacemaker leads, peristaltic pump chambers, shunts, stents and sutures. 

The antimicrobial particles can be any substance that releases an agent that is 
capable of inducing microbial stasis or exhibiting microbicidal effect when present in an 
effective amount. Methods of determining microbial stasis or microbicidal effect are known 
in the art and include, for example, measuring the minimum inhibitory concentration of 
coated catheter extracts, zone of inhibition testing, and bacterial adherence testing, using 
known clinical pathogens for all tests. 

The antimicrobial particles can be metals and metal salts, oxides and 
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complexes having oligodynamic properties, such as aluminum, antimony, bismuth, cerium, 
copper, gold, iridium, magnesium, mercury, palladium, platinum, silver, tin and zinc and their 
salts, oxides, complexes and mixtures thereof. The antimicrobial particles may be the same 
substance (e.g., silver zeoUte) or may be different (e.g., a mixture of sUver zeoUte and silver 
iodide). The particles may have average particle sizes of up to about 100 microns. 
Preferably, the antimicrobial particles have average particle sizes of less than about 10 
microns and most preferably less than about 4 microns. 

For example, the antimicrobial particles include, but are not limited to: copper 
and its salts, such as copper acetate, copper chloride, copper bromide, copper chlorate, copper 
perchlorate, copper nitrite and copper nitrate, copper sulfate, and other copper salts and 
complexes, and silver and its salts, such as silver acetate, silver benzoate, silver chloride, 
silver carbonate, silver iodate, silver iodide, silver lactate, sUver laurate, silvo: oxide, silver 
palmitate. silver protein, silver sulfadiazine, silver chloride/titanium dioxide complexes, 
silver zeolite, and other silver salts and complexes. Other non-copper and non-silver 
containing antimicrobial particles also may be used. 

In some embodiments, the antimicrobial particles may have an average 
particle size greater than 50 microns. Although it is generally preferred to have antimicrobial 
particles with average particle sizes less than about 4 microns, in some circumstances it may 
be advantageous to incorporate such larger antimicrobial particles into the base coat. By 
using an over coat, enhanced patient comfort is provided while still allowing the use of such 
larger antimicrobial particles. 

The base coat can be any polymer that is capable of being coated on to the 
surface of the medical device and also is capable of incorporating the antimicrobial particles. 
Base coat polymers include organic soluble polymers, water soluble polymers and hydrogels. 
Illustrative examples of polymers for the base coat are polyurethane, polyurea. 
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polyurethaneurea, acrylic copolymers, combinations thereof, and/or block co-polymers 
derived therefrom. Examples of polyurethane base coats are described in U.S. Patent Nos. 
3,822,238; 3,975,350; 4,156,066; 4,156,067; 4,255,550; 4,359,558; 4,729,914; 4,789,720 and 
4,810,543 which are incorporated herein. 

The base coat may be applied by dip coating onto the medical device. 
Polymers that are hard to coat (i.e., polyethylene, polypropylene and polytetrafluoroethylene) 
may also be used with the present invention. The polymer base coat can be coated as a 
preformed polymer or it can result from the polymerization of monomers on the surface of 
the medical device. 

The over coat is also a polymer and is applied over at least a portion of the 
antimicrobial particle containing base coat. The over coat may be any organic soluble 
polymer, water soluble polymer, hydrogel or any other polymer capable of being coated onto 
a medical device. Acceptable polymers include the following polymeric materials: 
polyurethane, polyurethaneurea, polyvinylpyrrolidone, polyethylene oxide, polyacrylic acid, 
hydroxyethylmethacrylate, carboxymethyl cellulose, polyvinyl alcohol, polyacrylamide, 
dextran and other polysaccharides, starches, guar, xantham and other gums and thickeners, 
collagen, gelatins and other biological polymers. Nearly any hydrophilic polymer that can be 
dissolved in solvents can be used for the over coat. 

The hydrogels preferably exhibit about 25% by weight to about 500%, more 
preferably exhibit about 50% by weight to about 200%, and most preferably exhibit from 
about 75% by weight to about 150% by weight water uptake. The hydrogels may be derived 
from water-soluble polymers including, but not limited to, poly(ethylene oxide), 
poly(ethylene glycol), poly(vinyl alcohol), polyvinylpyrrolidone, poly(ethyloxazoline), 
polyamino acids, pseudopolyamino acids, as well as mixtures of these with each other or 
other water-soluble polymers. 
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These water-soluble hydrogel polymers can be complexed with, covalently 
bound to or copolymeiized with a second polymer, for example, a polyurethane, a polyurea 
or a polyurethaneurea, as well as mixtures of these with each other or with other polymers. 
The second polymer can be added as a preformed polymer, or it can result from monomers 
polymerized in the presence of the water-soluble polymer. The polymerization reaction can 
take place before or after coating the substrate. 

In addition, the over coat polymer - like the base coat polymer - is permeable 
or semi-permeable to the agent(s) released from the antimicrobial particles. To provide 
microbial resistance, the antimicrobial particles release their antimicrobial agents into the 
surrounding fluid or tissue. 

Further, the over coat polymer is chosen such that during the coating process 
the over coating polymer is capable of dissolving in a solvent system that is not capable of 
dissolving the base coat during the normal course of coating application. For example, the 
base coat may be a polyurethane resin that is not soluble in alcohol and the over coat can be 
polyvinylpyrrolidone, an alcohol soluble polymer. 

Although the base coat does not dissolve in the over coat solvent system 
during dipping, it should swell sufficiently to form an interpenetrating network between the 
base coat and the over coat. This provides coating adherence. However, the base coat should 
not dissolve or release any significant amounts of the antimicrobial particles into the over 
coat. Antimicrobial particles, if present in the over coat, should not compromise patient 
comfort by causing a bumpy or micro-rough device surface. Eliminating, or at least 
reducing, leaching of the antimicrobial particles into the over coat solution also eases 
manufacture as discussed below. 

As would be understood by one of skill in the art, solvent systems for use with 
the base coat or the over coat include any organic or inorganic solvents, water-based solvents 
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or combinations of these that are capable of dissolving these polymers at appropriate 
processing conditions. Non-limiting examples of solvents include acetone, acetonitrile, 
aniline, benzene, butanol, carbondisulfide, carbontetrachloride, chlorofomi, cyclohexane, 
dimethylacetamide, dimethylsulfoxide, dimethylformamide, dioxane, ethanol, ethyl acetate, 
ethylene glycol, hexane, isopropyl alcohol, methanol, methylene bromide, methylene 
chloride, methyl ethyl ketone, nitroethane, pyridine, tetrahydrofuran, tetralin, toluene, 
trichloroethylene and water. 

Medical devices according to the present invention are manufactured by 
applying a polymeric base coat to the device that includes antimicrobial particles and then 
applying an over coat on the device with a polymer chosen so that it is dissolvable in a 
solvent that does not dissolve the base coat during the solution coating process. 

The base coat is applied by methods known in the art, including dip coating 
and spray coating. Typically, these methods involve the dissolution of a polymer in a solvent 
system, dispersing antimicrobial particles into the resulting polymer solution, and then 
dipping or spraying of that polymer solution onto the medical device. Then, the base coated 
medical device is allowed to dry, either at room temperature or at a controlled temperature or 
both. 

Previously, it has been problematic to apply an over coat onto such base 
coated medical devices. In particular, when dip coating a series of medical devices, if the 
base coat dissolves even slightly while being coated with the overcoating, the antimicrobial 
particles could accumulate in the over coat. If this happens, the antimicrobial particles would 
then begin to collect in the over coat solution, causing the antimicrobial particle concentration 
to increase in the over coating as a function of the number of devices dipped. Also, 
antimicrobial particles extracted into the over coat solution could agglomerate into larger 
particles in the over coat and cause micro-roughness. As a consequence, the over coating 
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solution must be changed more frequently when the base coat dissolves into the over coat 
solution. Accordingly, the present invention reduces manufacturing costs and eases 
manufacture by avoiding these problems. 

Moreover, if the polymer base coat dissolves during dip coating (i.e., goes into 
the over coat solution) the properties of the over coat could adversely be affected. For 
example, if the base coat is not lubricious when wet, it could reduce the lubricity of a wet- 
lubricious over coat as its concentration in the over coat increases with the number of base- 
coated medical devices dipped into the over coat solution. 

To address these problems, the over coating is applied by solution coating 
over the base coat, and the polymer for the over coat is selected so that it is capable of 
dissolving in a solvent that does not dissolve the base coat during the solution coating 
process. As with the base coat, once the medical device is coated with the over coat, it is 
allowed to dry. Again, the over coat may be applied by dip coating or spray coating, as 
described above. The base coat does not dissolve during the coating process because of 
exposure to the over coat solvent. 

For example, a polyurethane that will not dissolve in a solvent system 
containing more than 50% denatured ethanol is used for the base coat. An over coat is 
formed by a very hydrophilic polyurethane that is capable of dissolving in a solvent system 
containing 85% denatured ethanol. In this embodiment, the over coat is dissolved in a 
solvent system containing enough of the nonsolvent, ethanol, for the base coat that it does not 
dissolve the base coat when over coating is performed. 

When hydrophilic polymers are used for the over coat, the overcoated 
antimicrobial medical devices provide increased surface lubricity and decreased surface area 
(as compared to the base coat) of the medical device. Consequently, increased patient 
comfort, decreased tissue irritation, and increased antimicrobial effectiveness are achieved. 
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In addition, the over coat permits the use of stronger, less hydrophilic base coat materials 
than previously permitted where a lubricious device surface is desired. Further, the rate of 
release of an antimicrobial agent can be modified or controlled by selection of the polymers 
for both the base and over coats. 

Using an over coat with the antimicrobial particle containing base coat reduces 
concems about the surface roughness of the base coat. Consequently, high concentrations of 
the antimicrobial particles are present in the base coat in some embodiments. Any 
concentration of the antimicrobial particles may be used in the base coat as long as there is 
suflQcient polymer in the base coat to hold the particles in place. For example, the base coat 
can be provided with antimicrobial particles at concentrations of up to about 75 weight %, 
more preferably of up to about 50 weight %, and most preferably between about 30 and about 
50 weight %. 

In some embodiments, more than one over coat and one base coat may be 
provided on the medical device. For example, a medical device can be provided with two 
over coat layers. In one such embodiment, a catheter may be provided with a first polymeric 
over coat designed to control the rate of release of the antimicrobial agent from the base coat, 
and then may be provided with a second polymeric over coat designed to maximize patient 
conafort. In addition, the first polymeric over coat may be designed to compatibilize the base 
coat with the second polymeric over coat. This may be advantageous when the base coat and 
the second polymeric over coat cannot be sufficiently adhered to one another without an 
intermediate first polymer over coat. 

In other embodiments, a medical device may be provided with two base coats. 
This may permit, for example, the use of two different antimicrobial particles in the two base 
coats, when these antimicrobial particles cannot be used in a single base coat. A first one of 
the base layers may have one type of metallic antimicrobial particle, and a second one of the 
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base layers may have a different type of metallic antimicrobial particle. When these two 
types of metallic antimicrobial particles are placed in an electrically conducting fluid (e.g., 
within various bodily fluids), a galvanic cell is created. One metallic antimicrobial particle 
acts as an anode. The second metallic antimicrobial particle acts as a cathode to drive the 
electrochemical cell. For example, if copper-based particles are used in one base layer and 
silver-based particles are used in another, the copper-based particles will act as the anode, 
releasing Cu^ ions into the electrolyte. The more noble of the metals, silver, acts as the 
cathode, which does not ionize. Advantageously, such an arrangement forces Cu*^ ions into 
the surrounding environment at a greater rate than if only one type of metallic antimicrobial 
particles was used. Accordingly, this is another way to alter or control the release rate of 
antimicrobial agent from the medical device. 

Various therapeutic agents may be incorporated into the above-described 
medical devices. A catheter can be provided with one or more additional therapeutic agents. 
For example, liquid or solid, soluble antimicrobial agents, antibiotics or anticoagulants, alone 
or in combination, may be incorporated within the over coat or the base coat. In addition, 
fillers, extenders, melt flow additives, dry flow additives, pigments and ottier additives may 
also be used to enhance specific physical properties, aesthetics, durability or other attributes 
of the medical devices. 

The following example is presented to illustrate the present invention, but is in 
no way to be construed as limiting the scope of the invention. It will be recognized by those 
skilled in the art that numerous changes and substitutions may be made without departing 
firom the spirit of the invention. Accordingly, it will be understood that the invention is not to 
be limited to the embodiments disclosed herein, but is to be understood from the following 
claims, which are to be interpreted as broadly as allowed under the law. 
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EXAMPLE 1 

A base coat is prepared as follows. A solvent system is formed by mixing 
56.25% tetrahydrofuran (THF), 25% methylene bromide and 18.75% denatured ethanol. A 
polyurethane resin (conmiercially available from CardioTech fotemational of Wobum, 
Massachusetts under the tradename HMBU) is dissolved into the solvent system at a 
concentration of 3.6% of the total solution weight. 

Silver zeolite particles (commercially available from Applied Surface 
Technology, Inc. of Louisville, Kentucky under the tradename AGION®) are dispersed for a 
total of 44 minutes into the base coat solution at a concentration of 40% of the dry coating 
weight (combined weights of HMBU and AGION^. 

The base coat solution is maintained at a temperature of about 23°C and 
applied to a 16 Fr Foley urinary catheter (commercially available from C.R. Bard, Inc. under 
the tradename B ARDEX) by dipping into the coating solution at a controlled speed of 40 
inches per minute (vpm\ allowed to dwell in solution for 10 seconds and withdrawn from the 
solution at a speed of 17 ipm. 

A second polyurethane (commercially available from CardioTech under the 
tradename HydroMed D6/40™) is dissolved in a solvent system of 15% THF and 85% 
denatured ethanol at a temperature of about 40°C, cooled, and maintained at a temperature of 
about 25°C to keep the HydroMed D6/40™ in solution. The base coated catheter is then 
overcoated by dip coating at a speed of 40 ipm into the solution, with no dwell in solution, 
and is withdrawn at a speed of 17 ipm to apply the over coat. 

The over coat solution produces swelling of the base coat sufficient for coating 
adhesion, but does not dissolve or attack the base coat. The overcoated catheter has reduced 
micro-roughness compared to non-overcoated catheters, and has a smooth and wet-lubricious 
coating on both the inner and outer surfaces of the catheter. 
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Upon contact with aqueous fluids, catheters coated as described above absorb 
moisture and become lubricious, or slippery, to the touch. The degree of lubricity of the 
coating may be measured by a test of Coefficient of Friction (COF). 

The catheter prepared as described in Example 1 was tested for COF. A pair 
of catheters were positioned about 2 inches apart parallel to each other in a trough of water 
and a 400 g stainless steel sled wrapped with a cellulose membrane was pulled down the shaft 
of the catheter parallel to the length of the catheter from the funnel end towards the tip. The 
force required to pull the sled was averaged over a length of the catheter, and this force was 
divided by the weight of the sled to give a unitless value of COF. 

To evaluate lubricity and durability of the coating, catheter is incubated in 
deionized water at about 3TC during testing. The COF was measured after one hour, and 
after 1,7, 14 and 21 days. 

After one hour of incubation, the catheter of Example 1 exhibited a COF of 
0.06. Preferably the one hour COF is between about 0.02 and about 0.15, and most 
preferably between about 0.02 and about 0.08. 

The change in COF over the 21 day period was measured to evaluate 
durability of the catheter of Example 1. In general, durability is demonstrated where the COF 
increases very little during the 21 days of testing. The catheter of Example 1 exhibited a 
COF of 0.08 on day 21, as compared with a one hour reading of 0.06. This was considered to 
be durable. 



wo 03/047636 

I claim: 



15 



PCT/US02/38404 



1 . A microbe-resistant medical device comprising: 
a substrate; 

a polymeric base coat applied to at least a portion of the substrate; 

at least one type of antimicrobial particle dispersed within in the base coat; 

and 

a polymeric over coat positioned over at least a portion of the base coat; 

wherein the polymeric over coat is dissolvable in a solvent that does not 
dissolve the polymeric base coat during application of the over coat, and wherein the 
polymeric over coat is substantially free of the antimicrobial particles. 

2. The microbe-resistant medical device of claim 1, wherein the substrate is a 
material selected from the group consisting of: latex; polystyrene; polyester; 
polyvinylchloride; polyurethane; ABS polymers; polyamide; polyimide; polycarbonate; 
polyacrylate; polyethylene; polypropylene; synthetic rubber; stainless steel; ceramics; 
aluminum oxide; glass and silicone. 

3. The microbe-resistant medical device of claim 1, wherein the polymeric base 
coat is selected from the group consisting of: polyurethane; polyurea; polyurethaneurea; 
acryUc copolymers; combinations thereof; and block co-polymers derived therefrom. 

4. The microbe-resistant medical device of claim 1, wherein the antimicrobial 
particles are silver-based compounds selected from the group consisting of: silver acetate; 
silver benzoate; silver chloride; silver carbonate; silver iodate; silver iodide; silver lactate; 
silver laurate; silver oxide; silver palmitate; silver protein; silver sulfadiazine; silver 
chloride/titanium dioxide complex; silver zeolite; and other silver salts and complexes. 

5. The microbe-resistant medical device of claim 1, wherein the antimicrobial 
particles have an average particle size of up to about 100 microns. 

6. The microbe-resistant medical device of claim 1, wherein the polymeric over 
coat is selected from the group consisting of: polyurethane; polyurethaneurea; 
polyvinylpyrrolidone; polyethyene oxide; polyacrylic acid; hydroxyethylmethacrylate; 
carboxymethyl cellulose; polyvinyl alcohol; polyacrylamide; dextran; polysaccharides; 
starches; guar, xanthan and other gums and thickeners; collagen and gelatins. 
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7. The microbe-resistant medical device of claim 1, wherein the polymeric base 
coat is a polyurethane resin that is not soluble in alcohol and the polymeric over coat is an 
alcohol soluble polyvinylpyrrolidone. 

8. A microbe-resistant polymeric coating for a medical device, the coating 
comprising: 

a polymeric base coat having dispersed antimicrobial particles; and 

a polymeric over coat that is substantially free of the antimicrobial particles 
and is positioned over at least a portion of the base coat 

9. The microbe-resistant polymeric coating of claim 8, wherein the polymeric 
base coat is a polyurethane resin that will not dissolve in a solvent system containing more 
than 50% denatured ethanoL 

10. The microbe-resistant polymeric coating of claim 9, wherein the antimicrobial 
particles are silver zeolite. 

1 1. The microbe-resistant polymeric coating of claim 10, wherein the silver 
zeolite is present in the base coat at a concentration of about 40% of the combined dry weight 
of the polymeric base coat and the antimicrobial particles. 

12. The microbe-resistant polymeric coating of claim 1 1 , wherein the over coat is 
a polyurethane that is capable of dissolving in a solvent system containing 85% denatured 
ethanol. 

13. A method of preparing a microbe-resistant medical device comprising: 
providing a medical device having a surface; 

dissolving a first polymer in a first solvent system to prepare a first polymer 

solution; 

dispersing at least one type of antimicrobial particle in the first polymer 
solution to form a base coat solution; 

applying the base coat solution to at least a portion of the surface to form a 

base coat; 

dissolving a second polymer in a second solvent system to form a second 
polymer solution; and 
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applying the second polymer solution on to at least a portion of the base coat 
such that the base coat is not dissolved during application of the second polymer solution and 
forms an over coat substantially free of the antimicrobial particles. 

14. The method of preparing a microbe-resistant medical device of claim 13, 
wherein the medical device is selected from the group consisting of: cannulae; catheters; 
condoms; contact lenses; endotracheal and gastroenteric feeding tubes as well as other tubes; 
grafts; guide wires; implant devices; lUDs; medical gloves; oxygenator and kidney 
membranes; pacemaker leads; peristaltic pump chambers; shunts; stents and sutures. 

15. The method of preparing a microbe-resistant medical device of claim 14, 
wherein the medical device is a urinary catheter. 

16. The method of preparing a microbe-resistant medical device of claim 13, 
wherein the base coat is applied by dip coating. 

17. The method of preparing a microbe-resistant medical device of claim 13, 
wherein the base coat is applied by spray coating. 

18. A method of overcoating a microbe-resistant medical device, the method 
comprising: 

providing a microbe-resistant medical device at least partially surrounded by a 
polymeric base coat having at least one type of dispersed antimicrobial particle; 

dissolving an over coat polymer in a solvent system that does not dissolve the base 
coat during application of the over coat; and 

applying the dissolved over coat polymer to at least a portion the microbe-resistant 
medical device to form a base coat such that the base coat is not dissolved and the over coat 
is substantially free of the antimicrobial particles. 

19. The method of overcoating a microbe-resistant medical device of claim 18, 
wherein the solvent system that does not dissolve the base coat is selected from the group 
consisting of: acetone; acetonitrile; aniline; benzene; butanol; carbondisulfide; 
carbontetrachloride; chloroform; cyclohexane; dimethylacetamide; dimethylsulfoxide; 
dimethylformamide; dioxane; ethanol; ethyl acetate; ethylene glycol; hexane; isopropyl 
alcohol; methanol; methylene bromide; methylene chloride; methyl ethyl ketone; nitroethane; 
pyridine; tetrahydrofuran; tetralin; toluene; trichloroethylene and water. 
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20. The method of overcoating a microbe-resistant medical device of claim 18, 
wherein the over coat is applied by dip coating over the base coat. 

21. The method of overcoating a microbe-resistant medical device of claim 18, 
wherein the over coat is applied by spray coating over the base coat. 



